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This book collects together selected papers presented at the Second Interna-
tional Conference on the Structure of Surfaces (ICSOS-II). The Conference 
was held at the Royal Tropical Institute in Amsterdam, The Netherlands, 
June 22—25, 1987. It was held in part to celebrate the 25th anniversary of 
the N E V A C (Netherlands Vacuum Society). The International Organizing 
Committee members were: 
M.A. Van Hove ( C h a i r m a n ) 
W.F. van der Weg ( T r e a s u r e r ) 
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Y . Petroff 
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J.F. van der Veen ( V i c e - C h a i r m a n ) 
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M.J . Cardillo 
J.E. Demuth 
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The ICSOS meetings serve to assess the status of surface structure 
determination and the relationship between surface or interface structures 
and physical or chemical properties of interest. The papers in this book 
cover: theoretical and experimental structural techniques; structural aspects 
of metal and semiconductor surfaces, including relaxations and reconstruc-
tions, as well as adsorbates and epitaxial layers; phase transitions in two 
dimensions, roughening and surface melting; defects, disorder and surface 
morphology. 
Amsterdam, Berkeley J . F . v a n der Veen 
October 1987 M . A . Van H o v e 
V 
Acknowledgements 
We wish to acknowledge the many organizations and individuals whose contributions 
made possible the Second International Conference on the Structure of Surfaces and 
these Proceedings. We express our gratitude to our host Institution: FOM-Institute 
for Atomic and Molecular Physics; and our many Sponsors: Balzers, EOARD, EPS 
(European Physical Society), Foundation F O M (Fundamental Research on Matter), 
Foundation Physica, IBM (Nederland) NV, IUPAP (International Union of Pure and 
Applied Physics), IUVSTA (International Union for Vacuum Science, Technique and 
Applications), K L M (Royal Dutch Airlines), KNAW (Royal Netherlands Academy 
of Sciences), Leybold Hereaus, Ministry of Education and Sciences, NEVAC (Nether-
lands Vacuum Society), NNV (Netherlands Physical Society), Philips, Shell Research, 
The City of Amsterdam, US-Army, and V G Instruments B.V. We also thank our ex-
hibitors: Balzers, De Jong T H , Hositrad, Leybold Hereaus, North-Holland Publishing, 
Positronica, Intechmij, V G Instruments B.V. and D. Reidel Publ. Co. 
Particular thanks go to all the individuals who contributed much to the well-
being of both the Conference and the proceedings, especially Louise Roos, Jan Verhoe-
ven, Dorine Heynert and the members of the Local Organizing Committee: F.H.P.M. 
Habraken, A.G.J. van Oostrom, G.A. Sawatzky, and W.F. van der Weg. An important 
element was of course the contribution from the International Advisory Committee 
members: D. Aberdam, J.C. Bertolini, M . Cardona, G. Comsa, L .C. Feldman, F. 
Garcia Moliner, D.R. Hamann, D. Haneman, A.A. Lucas, T . E . Madey, K. Müller, 
S. Nakamura, A.G. Naumovetz, PR. Norton, G. Rovida, W.E. Spicer, A.G.J . van 




Part I Techniques 
I. 1 Theory 
Resolution in Scanning Tunneling Microscopy 
B y J . Tersoff 4 
Tunneling Ourrent Between Two Nonplanar Surfaces 
By W. Sacks, S. Gauthier, S. Rousset, and J. Klein 
(With 2 Figures) 10 
Tensor L E E D ; New Prospects for Surface Structure Determination 
by L E E D . By P.J. Rous and J.B. Pendry 14 
Comparison of the Quasidynamical and Tensor L E E D 
Approximation for L E E D Intensity Spectra from a Reconstructed 
Surface. By N . Bickel, K . Heinz, H . Landskron, P.J. Rous, 
J.B. Pendry, and D.K. Saldin (With 3 Figures) 19 
Surface Barrier Bound State Energies from Elastic Electron 
Scattering 
By M . N . Read and A.S. Christopoulos (With 3 Figures) 26 
The Theory of SEELFS from Adsorbates 
By D.K. Saldin (With 2 Figures) 32 
Multiple-Scattering Studies of Normal and Off-Normal 
Photoelectron Diffraction of C(2x2)S-Ni(001) 
By Jing Chang Tang (With 4 Figures) 38 
I. 2 Experiment 
High Resolution Profile Imaging of Reconstructed Gold Surfaces 
By T. Hasegawa, N . Ikarashi, K . Kobayashi, K . Takayanagi, 
and K. Yagi (With 13 Figures) . . . . *. " 43 
VII 
Low Energy Electron Microscopy (LEEM) 
By W. Telieps and E. Bauer (With 3 Figures) 53 
Surface Structure Analysis by Scanning L E E D Microscopy 
By T. Ichinokawa, Y . Ishikawa, Y . Hosokawa, I. Hamaguchi, 
and J. Kirschner (With 5 Figures) 58 
Structural Information from Stimulated Desorption: A Critical 
Assessment. By D. Menzel 65 
Comparative Study of Graphite and Intercalated Graphite by 
Tunneling Microscopy. By S. Gauthier, S. Rousset, J . Klein, 
W. Sacks, and M . Behn (With 4 Figures) 71 
Auger Neutralization Lifetimes for Low-Energy Ne+ Ions Scattered 
from P t ( l l l ) Surfaces. By E.A. Eklund, R.S. Daley, J .H. Huang, 
and R.S. Williams (With 4 Figures) 75 
Determination of Surface Structure from the Observation of 
Catastrophes. By T . C . M . Horn and A . W . Kleyn (With 3 Figures) 83 
Part II Clean Metals 
II. 1 Relaxation and Reconstruction 
Surface Structures from L E E D : Metal Surfaces and Metastable 
Phases. By F. Jona and P .M. Marcus (With 2 Figures) 90 
Electrostatic Models of Relaxation on Metal Surfaces 
By P . M . Marcus, P. Jiang, and F. Jona (With 1 Figure) 100 
Asymptotic Behavior of Relaxation and Reconstruction Near 
Crystalline Surfaces: Application to V(100) and Al(331) Surfaces 
By G. Allan and M . Lannoo (With 1 Figure) 105 
Ion Channeling and Blocking Investigations of the Structure of 
Ideal and Reconstructed Metal Surfaces 
By T. Gustafsson, M . Copel, and P. Fenter (With 6 Figures) . . . . 110 
Reconstruction of fcc(110) Surfaces 
By K . W . Jacobsen and J.K. N0rskov (With 1 Figure) 118 
Calculations of Structural Phases of Transition Metal Surfaces 
Using the Embedded Atom Method 
By M.S. Daw and S.M. Foiles (With 3 Figures) 125 
The (111) Surface Reconstruction of Gold in the Glue Model 
By A . Bartolini, F. Ercolessi, and E. Tosatti (With 1 Figure) . . . 132 
Vlll 
Second Layer Displacements in the Clean Reconstructed W(100) 
Surface. By I.K. Robinson, M.S. Altman, and P.J. Estrup 
(With 2 Figures) 137 
Calculation of Ni(100) Vibrational Properties Using the Matching 
Procedura By J. Szeftel, A . Khater, and F. Mila (With 4 Figures) 142 
IL 2 Alloys 
L E E D Study of the Structure of the Pt 3Ti(510) Stepped 
Single Crystal Surface. By U . Bardi, A . Santucci, G. Rovida, 
and P.N. Ross (With 3 Figures) 147 
Atomic Structure of Three Low-Index Surfaces of the Ordered 
Binary Alloy N i A l 
By H.L. Davis and J.R. Noonan (With 5 Figures) 152 
Structure, Electronic Properties and Dynamics of the NiAl(l lO) 
Surface. By M . H . Kang and E .J . Meie "(With 4 Figures) 160 
Multilayer Segregation on P t - N i ( l l l ) , (100) and (110): Influence of 
the Variation of Pair Interactions at the Surface 
By B . Legrand and G. Treglia (With 3 Figures) 167 
Part III Adsorbates on Metals 
Surface E X A F S on Low-Z Elements 
By K . Baberschke (With 5 Figures) 174 
An Application of SEXAFS to Sub-Monolayer Complexes 
on Polycrystalline Surfaces. By D. Norman, R .A. Tuck, 
H.B. Skinner, P.J. Wadsworth^ T . M . Gardiner, I.W. Owen, 
C.H. Richardson, and G. Thornton (With 4 Figures) 183 
X-Ray Absorption Fine Structure Study of Mercaptide on C u ( l l l ) 
By D.L. Seymour, C.F. McConville, M.E). Crapper, D.P. Woodruff, 
and R.G. Jones (With 3 Figures) 189 
Adsorption Position of Deuterium on the Pd(100) and N i ( l l l ) 
Surface Determined by Transmission Channeling. 
By F. Besenbacher, I. Stensgaard, and K . Mortensen 
(With 2 Figures) 195 
Adsorption of Hydrogen on Rhodium (110) 
By W. Nichtl, L. Hammer, K . Müller, N . Bickel, K . Heinz, 
K. Christmann, and M . Ehsasi (With 5 Figures) 201 
Relaxation and Reconstruction on Ni(110) and Pd(110) Induced 
by Adsorbed Hydrogen. By W. Moritz, R.J . Behm, G. Ertl , 
G. Kleinle, V . Penka, W. Reimer, and M . Skottke (With 1 Figure) 207 
IX 
EELFS Determination of Interatomic Distances in Adsorbed 
Monolayers. By A . Atrei, U . Bardi, G. Rovida, M . Torrini, 
E. Zanazzi, and M . Maglietta (With 4 Figures) 214 
The Structures of CO, NO and Benzene on Various Transition 
Metal Surfaces: Overview of L E E D and HREELS Results 
By H. Ohtani, M . A . Van Hove, and G.A. Somorjai 
(With 1 Figure) 219 
Formation and Stability of a Metastable c(2x4)0 Structure on an 
Unreconstructed Ni ( l lO) Surface 
By J. Wintterlin and R.J . Behm (With 4 Figures) 225 
Surface Structures Determined by Kinetic Processes: Adsorption 
and Diffusion of Oxygen on Pd(100). By S.-L. Chang, 
D.E. Sanders, J.W. Evans, and P.A. Thiel (With 2 Figures) . . . . 231 
Mercury Adsorption on N i ( l l l ) 
By N.K. Singh and R.G. Jones (With 3 Figures) 238 
Ion Scattering Study of the W(001)-(5xl)-C Surface 
By S.H. Overbury and D.R. Mullins (With 5 Figures) 244 
Structural Determination of Oxygen Chemisorption-Site Geometry 
on W(211) by Low-Energy He+ ISS 
By W.P. Ellis and R. Bastasz (With 5 Figures) 250 
Structure of Oxygen on Ni 3 Al(110). By D.J . O'Connor, 
C M . Loxton, and R.J . MacDonald (With 3 Figures) 256 
Early Stages of Ni(110) Oxidation - An S T M Study 
By E. Ritter and R.J . Behm (With 3 Figures) . . \ 261 
Symmetry Rules in Chemisorption 
By R A . van Santen (With 2 Figures) 267 
The Electronic Structure of Adsorbed Oxygen on Ag(110) 
By W. Segeth, J .H. Wijngaard, and G.A. Sawatzky 
(With 4 Figures) " 271 
Part IV Clean Semiconductors 
Understanding the Si 7x7: Energetics, Topology, and Stress 
By D. Vanderbilt (With 3 Figures) 276 
Scanning Tunneling Microscopy of Semiconductor Surfaces and 
Interfaces. By R . M . Tromp, E.J . van Loenen, R . J . Hamers, 
and J.E. Demuth (With 6 Figures) 282 
X 
Surface X-Ray Diffraction: the Ge(001)2xl Reconstruction and 
Surface Relaxation. By F. Grey, R.L . Johnson, J . Skov Pedersen, 
R. Feidenhans'l, and M . Nielsen (With 4 Figures) 292 
R H E E D Intensity Analysis on a Single Domain Si(100)-2xl 
By T. Kawamura, T. Sakamoto, K . Sakamoto, G. Hashiguchi, 
and N . Takahashi (With 3 Figures) 298 
Surface Electronic Structure of Si(100)2xl Studied with Angle-
Resolved Photoemission. By R.I.G. Uhrberg, L.S.O. Johansson, 
and G.V. Hansson (With 5 Figures) 303 
Screened Coulomb Interaction at Semiconductor Surfaces: The 
Contribution of Surface States 
By R. Del Sole and L. Reining (With 3 Figures) 309 
On the Reconstruction of the Diamond (111) Surface 
By P. Badziag (With 2 Figures) 316 
Charge Self-Consistent Empirical Tight Binding Cluster Method 
for Semiconductor Surface Structures 
By V . M . Dwyer, J .N. Carter, and B.W. Holland (With 2 Figures) 320 
Two New Models for the As-Stabilized GaAs (TIT)-(2x2) Surface 
By Huizhou Liu, Geng X u , and Zheyin L i (With 2 Figures) 327 
Part V Adsorbates on Semiconductors 
High Sensitivity Detection of a Few Atomic Layers of Adsorbate by 
R H E E D - T R A X S (Total Reflection Angle X-Ray Spectroscopy) 
By S. Ino, S. Hasegawa, H . Matsumoto, and H . Daimon 
(With 6 Figures) 334 
Submonolayers of Lead on Silicon (111) Surfaces: An X-Ray 
Standing Wave Analysis. By B .N . Dev, G. Materlik, F. Grey, 
and R.L . Johnson (With 3 Figures) * 340 
Atomic Geometry of the S i ( l l l ) \ / 3 x \/3-Sn Surface by X-ray 
Photoelectron and Auger Electron Diffraction 
By K . Higashiyama, C .Y. Park, and S. Kono (With 3 Figures) . . 346 
Surface X-Ray Diffraction: The Atomic Geometry of the 
Ge(l l l )7x7 -Sn and Ge(ll l)5x5-Sn Reconstructions 
By J. Skov Pedersen, R. Feidenhans'l, M . Nielsen, K . Kjaer, 
F. Grey, R.L. Johnson, and C. Reiss 352 
Chemisorption Geometry of Molybdenum on Silicon Surfaces 
By Tang Shaoping, Zhang Kaiming, and Xie Xide 
(With 4 Figures) 357 
XI 
Si(lOO) Surface Reordering upon Ga Adsorption 
By I. Andriamanantenasoa, J .R Lacharme, and C A . Sebenne 
(With 3 Figures) 363 
Synchrotron Radiation Study of the Au-Si(lOO) Interface 
By B. Carriere, J.P. Deville, M . Hanbücken, and G. Le Lay 
(With 5 Figures) .* 368 
Studies of the High Temperature Nitridation Structures of the 
S i ( l l l ) Surface by L E E D , AES and EELFS 
By Hongchuan Wang, Rongfu Lin, and Xun Wang 
(With 3 Figures) 375 
Hydrogen Bonding onto Microcrystalline Surfaces within Anodized 
Porous Silicon Crystals Studied by Infrared Spectroscopy 
By T. Ito, Y . Kato, and A . Hiraki (With 6 Figures) . / 378 
The Oxygen Coverage on Diamond Surfaces 
By T .E . Derry, J.O. Hansen, P.E. Harris, R .G. Copperthwaite, 
and J.P.F. Sellschop (With 4 Figures) 384 
H-Induced Reconstruction at the (110) Faces of GaAs and InP 
By F. Proix, O. M'hamedi, and C A . Sebenne (With 3 Figures) . . 393 
Indiffusion and Chemisorption of B, C, and N on GaAs and InP 
By M . Menon and R.E. Allen (With 8 Figures) 399 
Structure of Platinum Metal Clusters Deposited on the T i 0 2 
Surface by X-Ray Photoelectron Diffraction (XPED) 
By K . Tamura, U . Bardi, M . Owari, and Y . Nihei 
(With 4 Figures) 404 
Part V I Epitaxy 
Strained Layer Epitaxy.By L . C Feldman, M . Zinke-Allmang, 
J . Bevk, and H.-J. Gossmann (With 3 Figures) 412 
Critical Misfits for Lattice-Matched Strained Monolayers 
By T. Hibma (With 5 Figures) * 419 
Interface Pseudomorphism Detected by Mössbauer Spectroscopy 
By M . Przybylski and U . Gradmann (With 2 Figures) 426 
The Study of Epitaxy with Spot Profile Analysis of L E E D 
(SPA-LEED). By M^Henzler (With 5 Figures) 431 
Epitaxial Growth Studied by Surface X-Ray Diffraction 
By J.E. Macdonald, C Norris, E . Vlieg, A . Denier van der Gon, 
and J.F. van der Veen (With 4 Figures) 438 
Xll 
The Epitaxial Growth of Nickel on Cu(100) Studied by Ion 
Channeling. By P.F.A. Alkemade, H . Fortuin, R. Balkenende, 
F .H .P .M. Habraken, and W.F. van der Weg (With 2 Figures) . . . 443 
Structure and Ferromagnetism of Thin Magnetic Layers 
By R.F . Willis (With 4 Figures) * 450 
Part VII Phase Transitions 
VII. 1 Transitions in Two Dimensions 
Temperature-Dependent Dynamics of a Displacively Reconstructed 
Surface: W(001) 
By C.Z. Wang, A . Fasolino, and E. Tosatti (With 3 Figures) 458 
Surface Core Level Shifts for the Clean-Surface and Hydrogen-
Induced Phase Transitions on W(100) 
By J. Jupille, K . G . Purcell, G. Derby, J . Wendelken, 
and D.A. King (With 3 Figures) 463 
Theory of Phase Transitions on H/W(110) and H/Mo(110) 
Systems 
By D. Sahu, S.C. Ying, and J .M. Kosterlitz (With 3 Figures) . . . 470 
Critical Phenomena of Surface Phase Transitions: Theoretical 
Studies of the Structure Factor 
By T .L . Einstein, N.C. Bartelt, and L .D. Roelofs 475 
Order-Disorder Critical Behaviour in the System Oxygen on 
Ru(001). By P. Piercy, M . Maier, and H. Pfnür (With 4 Figures) 480 
Structure and Phase Transitions of Incommensurate Xe Layers on 
P t ( l l l ) . By K . Kern, P. Zeppenfeld, R. David, and G. Comsa 
(With 3 Figures) 488 
The Temperature Dependence of the Near Order Structure of 
Au(110) Studied by Ion Scattering Spectrometry (ISS) 
By H. Derks, J. Möller, and W. Heiland (With 4 Figures) 496 
High Resolution He-Scattering Studies of Physisorbed Films 
By K . Kern, R. David, P. Zeppenfeld, and G. Comsa 
(With 4 Figures) 502 
VII. 2 Roughening 
The Step Roughening of the Cu(113) Surface: A Grazing Incidence 
X-Ray Scattering Study 
By K.S. Liang, E .B. Sirota, K . L . DAmico, G.J . Hughes , 
S.K. Sinha, and W.N. Unertl (With 3 Figures) 509 
Xlll 
Roughening on ( l im) Metal Surfaces 
By E . H . Conrad, L.R. Allen, D.L. Blanchard, and T. Engel 
(With 4 Figures) 514 
Determination of the Kink Formation Energy and Step-Step 
Interaction Energy for Vicinal Copper Faces by Thermal 
Roughening Studies 
By F. Fabre, B. Salanon, and J. Lapujoulade (With 3 Figures) . . 520 
The Phase Diagram of Vicinal S i ( l l l ) Surfaces Misoriented Toward 
the [110] Direction 
By R.J . Phaneuf and E.D. Williams (With 4 Figures) 525 
Atom Scattering from a Markovian bcc(OOl) Surface 
By A . C . Levi, R. Spadacini, and G.E. Tommei (With 3 Figures) . 530 
VII. 3 Surface Melting 
Theory of Surface Melting and Non-Melting 
By E.Tosatti (With 7 Figures) 535 
Experimental Investigations of Surface Melting 
By J .W.M. Frenken, J.P. Toennies, Ch. Wöll, B. Pluis, 
A . W . Denier van der Gon, and J.F. van der Veen (With 6 Figures) 545 
Mean-Field Theory of Surface Melting 
By A . Trayanov and E. Tosatti (With 5 Figures) 554 
Mobility of the Surface Melted Layer of C H 4 Thin Films 
By M . Bienfait and J.P. Palmari (With 2 Figures) 559 
Diffraction Studies of Langmuir Films. By J.B. Peng, B. Lin, 
J.B. Ketterson, and P. Dutta (With 3 Figures) 564 
Part VIII Defects, Disorder and Morphology 
Simulation of Substitution Disorder Within Chemisorbed 
Monolayers 
By V . Maurice, J . Oudar, and M . Huber (With 2 Figures) 570 
Ordered Dimer Structures and Defects on Si(001) Studied by High 
Resolution Helium Atom Scattering. By D . M . Rohlfing, J. Ellis, 
B .J . Hinch, W. Allison, and R.F. Willis (With 4 Figures) 575 
Structure of the CaF2( l l l ) Surface and Its Change with Electron 
Bombardment Studied by Impact Collision Ion Scattering 
Spectroscopy (ICISS) 
By R. Souda and M . Aono (With 7 Figures) 581 
xiv 
Electron-Beam-Induced Surface Reduction in Transition-Metal 
Oxides. By D.J . Smith, L . A . Bursill, and M.R. McCartney 
(With 5 Figures) \ 588 
Surface Structure of Metallic Glasses Studied by Scanning 
Tunneling Microscopy 
By R. Wiesendanger, L . Eng, H.R. Hidber, L. Rosenthaler, 
L. Scandella, U . Staufer, H.-J. Güntherodt, N . Koch, 
and M . von Allmen (With 4 Figures) 595 
The Surface and Near Surface Structure of Metal-Metalloid 
Glasses 
By W.E. Brower Jr., P. Tlomak, and S.J. Pierz (With 4 Figures) . 601 
Calculation of Diffracted Laser Beam Intensities from 
Non-Sinusoidal Periodic Surface Profiles Extending in the 
[001]-Direction on Pt(110) 
By E. Preuss and N . Freyer (With 3 Figures) 606 
Structural Changes on Ni Surfaces Induced by Catalytic CO 
Hydrogenation 
By D.A. Wesner, F.P. Coenen, and H.R Bonzel (With 3 Figures) 612 
Surface Generation of Rayleigh Waves by Picosecond Laser Pulses 
By D. Jost, H.R Weber, and G. Benedek (With 2 Figures) 618 
Index of Contributors 625 
XV 
Relaxation and Reconstruction on 
Ni(llO) and Pd(llO) Induced by Adsorbed Hydrogen 
W. M o r i t z * , R . J . B e h m 2 , G. E r t l 2 , G. K l e i n l e 2 , V. P e n k a 2 , W. Reimer2, 
and M. Skottke2 
1 Institut für Kristallographie, Universität München, 
D-8000 München, Fed. Rep. of Germany 
2Fritz-Haber-Institut der Max-Planck-Gesellschaft, 
Faradayweg 4-6, D-1000 Berlin 33, Germany 
T h e i n f l u e n c e of adsorbed hydrogen on the structure of the surface regions of N i 
( 1 1 0 ) and Pd ( 1 1 0 ) was derived f r o m dynamical L E E D I i V-analyses of the clean, 
( 2 x 1 ) H covered and ( 1 x 2 ) "row p a i r i n g " reconstructed surfaces as reported i n e a r l i e r 
publications (see references). I n this a r t i c l e the resulting modification of the 
oscillatory contraction I r e l a x a t i o n of the topmost interlayer spacings of the clean 
surfaces is discussed i n terms of the electrostatic forces acting between these layers. 
T h e extension of the reconstruction into deeper layers is related to the r e l i e f of lattice 
strain which is shown to be a general phenomenon for reconstructed surfaces. 
The three-dimensional structure of solids results from a delicate 
balance of different interactions and represents the minimum in free 
enthalpy integrated over all of these interactions. The truncation of the 
bulk at the surface causes the cessation of part of these interactions in 
the surface region which subsequently also necessitates a structural 
rearrangement of that region in order to again achieve the most stable 
configuration. This can lead either to a collective (vertical) motion of 
entire layers, i.e. a change in interlayer spacing (relaxation) or to 
nonuniform vertical and/or lateral displacements of atoms in the topmost 
layer(s) (reconstruction) [1], The latter also results in a larger unit 
cell at the surface. Clearly also the presence of an adsorbate can likewise 
affect these interactions and thus also the resulting Substrate structure. 
Such effects were investigated in a systematic study of the structure 
of the clean and hydrogen covered Ni(110)- and Pd(110)-surfaces. ßoth of 
these surfaces exhibit ordered superstructures upon hydrogen adsorption at 
T<180K, namely a (2x1) structure at a coverage of 0=1.0 and a (1x2) 
structure at 6=1.5 monolayers [2,3]. The structural arrangement of the 
Substrate atoms for the clean and adsorbate covered surfaces - and of the 
adsorbate atoms in the case of the (2x1) structure- was determined by 
analysis of Low Energy Electron Diffraction (LEED) intensities [4-8], 
Mechanistic details on the formation and stability especially of the high 
coverage (1x2) structure were reported in a foregoing paper [9]. 
The sample preparation followed Standard recipes, further details 
thereupon and on the experimental setup are given elsewhere [3]. Surface 
cleanliness was controlled by means of Auger Electron Spectroscopy (AES), 
work function (A$) measurements and Thermal Desorption Spectroscopy (TDS) 
upon hydrogen adsorption. 
207 
On both surfaces exposure to hydrogen at T<180K leads to the appearance 
of extra beams of a (2x1) structure in the LEED pattern which reach their 
maximum intensity at e=1.0 monolayer exhibiting -1 order of magnitude less 
intensity than the integral order beams. In contrast to Pd(llO), where this 
structure forms from low coverages on, i.e. by an island growth mode, on 
Ni(110) a series of ordered structures precedes the (2x1) [1,2]. All of 
them are proposed to exhibit _zig-zag chains of H atoms along the close 
packed rows of Ni atoms in [llo] direction as a common structural element 
[2]. Upon further hydrogen adsorption these extra beams decay and instead 
beams of a (1x2) structure emerge and grow in intensity. At a coverage of 
1.5 monolayers the (2x1) related beams have completely disappeared and 
those of the (1x2) have reached their maximum intensity comparable to that 
of the integer order beams. The disordered ("streaked") (1x2) structures 
formed on either surface at T>200K, which are distinctly different in their 
structural and mechanistic properties from the low temperature (1x2) 
structure [9,10], and the population of subsurface Sites at e>1.5 on 
Pd(110) even at 120K [11] are not subject of this article. 
The I/V-analysis was based on dynamical LEED calculations. The data base 
for the different analyses is summarized in Table 1. Further details on the 
calculations, structural and nonstructural parameters can be found else-
where [5,6,8,9]. In good agreement with previous studies [4,7] for the 
clean (110) surfaces of Ni and Pd (Fig. la) an oscillatory 
contraction/relaxation is found for the topmost interlayer spacings [5,8], 
which fits well into a common trend of a variety of fcc (110) surfaces 
(Table 2). Other examples include Cu, Ag, AI and Rh [14-18]. In all of 
these cases the distortion decays rapidly for going to deeper layers. 
Contraction of the order of 5-10% in the first interlayer spacing are 
followed by an expansion of 2-5% in the subsequent one. Distortions in the 
third interlayer spacing are already that small that in most cases they are 
within the incertainty of the results. Apparently there is also a tendency 
to smaller effects in 4th row elements as compared to 3
r
d row ones. 
Table 1. Data base for LEED I/V-analyses of clean and H
a
d covered (110) 
faces of Ni and Pd and reliability factors Rzj and Rp of the resulting 
Optimum structures 
normal incidence off-normal incidence Ref. 
No. No. Energy- No. No. Energy- R 2J , R p 
inte- frac- range inte- frac- range 
gral tional [eV] gral tional [eV] 
order order order order 
beams beams beams beams 
Ni(110) clean 10 _ 40-390 0.04,0.20 [5] 
Ni(110)-(2x1)H 3 3 40-180 0 5 40-180 0.17,0.27 [5] 
Ni(110)-(1x2)H 6 5 40-220 - - - 0.15,0.38 [6] 
Pd(110) clean 7 - 40-240 9 - 40-240 0.14,0.22 [8] 
Pd(110)-(2x1)H 3 1 40-180 13 5 40-180 0.17, 0.23/ 
0.19, 0.37 [8] 
Pd(110)-(1x2)H 5 3 40-220 - - - 0.22, 0.50 [9] 
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Fiq> 1. Perspective view and structural parameters of the clean (lxl) (a) 
and the (1x2) "row-pairing" (c) and "missing row" (d) reconstructed 
fcc(llO) surfaces and top view of the (2x1)H structure (b). 
These effects can be understood on the basis of electrostatic forces. 
There is a net transfer of electron density from the top of the WIGNER 
SEITZ cells of the surface atoms towards their (lateral) perimeter, i.e. a 
net flow of Charge from the ridges into the troughs in [110) direction 
[20,21]. Quantum mechanical forces acting on an atomic nucleus can simply 
be described by the classical electrostatic forces resulting from the 
relaxed electron Charge distribution [20]. The depletion of negative Charge 
on the ridges consequently leads to an inward motion of the atoms in the 
topmost layer. 
HO and BOHNEN have extended this description. In their picture layers 
which consist of a lattice of positive and negative point charges 
representing the ion cores and the electron density in between are stapled 
on top of each other [21]. The vertical forces between these layers are 
determined by their vertical stacking sequence. For a fcc(llO) surface this 
can be shown to result in an inward motion of the topmost layer 
(contraction) and an outward motion of the second layer (expansion) while 
in the bulk these forces cancel because of symmetry reasons. 
The rapid decay of the distortion amplitudes in deeper layers and the 
generally smaller effects in 4th
 r
ow elements (1 arger unit cell) can be 
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Table 2. Oscillatory contraction/relaxation of the topmost three inter-
layers spacings ü\2 , D23 and O34 for clean and adsorbate covered metal 
surfaces 
Surface AD 1 2 [%] AD 2 3 [%] AD 3 4 [%] Ref. 
Ni(110) -8.4+ 1.5 + 3.1 ± 1.5 [4] 
-8.5 ± 1.5 + 3.5 ± 1.5 + 1.0+ 1.5 [5] 
Ni(110) + (2x1)H -4 .5± 1.5 + 5 0 ± 1.5 0.0 ± 1.5 [5] 
Ni(110) + c(2x2)S + 10.2 -3.2 - [13] 
Cu(110) -8.2 ± 0.6 + 2.5 + 0.8 -0.9 [14] 
Cu(110) + "(1x1)" -0.8 + 2.8 [15] 
Pd(110) -6.0 + 2.0 + 1.0 + 2.0 [7] 
-6.0+1.5 + 1.0 + 1.5 0.0 ± 1.5 [8] 
Pd(110) + (2x1)H -2.2+1.5 + 2.9 ± 1.5 0.0 ± 1.5 [8] 
Ag(110) -5.7 + 2.2 - [16] 
Al(110) - 8 6 + 5.0 -1.6 ± 1.2 [17] 
Rh(110) -7.0+1.0 + 2.0 ± 1.0 [18] 
Rh(1l0) + (1x1)H -2 .0± 1.0 - [18] 
Ni(111) 0 0 [19] 
Ni(111) + (2x2)H 0 0 - [19] 
Fe(110) 0 0 [12] 
Fe(110) + (2x1)H 0 0 - [12] 
Fe(110) + (3x1)H 0 0 - [12] 
attributed to the distance dependent decrease in electrostatic forces. The 
same holds for the much smaller effects on close packed surfaces (=larger 
interlayer spacings) [12,19). A more realistic description of the lattice 
distortions would refer to the variations in atom-atom distance instead of 
those in interlayer spacing. Especially on the more open surfaces the 
former quantitiy is much smaller in numbers than the latter one (e.g. <3% 
instead of 8.5% for Ni(110)). 
For both surfaces the unreconstructed phase is most stable. Earlier 
reports in the literature on a structural transition at 220K on Pd(110) 
[22] could not be confirmed, despite of extensive experiments no indication 
of any structural transition was found between 100K and 500K. The stability 
of the clean surfaces is also evident from the high temperatures for the 
roughening transition for Ni(llO) [23]. In the case of several 5th row 
elements in contrast the symmetry break at the surface causes a (1x2) 
"missing row" reconstruction of the (110) surfaces [24-26], which is 
generally attributed to the more delocalized character of the 5d electrons 
and their consequently stronger participation in the metallic bond [27,28). 
The presence of the adlayer on the hydrogen covered surfaces - in the 
(2x1) structure at 9 = 1.0 - has a sizable effect on the distortions of the 
interlayer spacings. Most notably the contraction of the topmost interlayer 
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spacing is reduced by -40%. The next deeper spacing is hardly affected 
reflecting the rather local character of the metal-hydrogen bond. The 
adsorbate thus tends to partially offset the effect of the surface cut. 
This again can be understood in terms of electrostatic forces as described 
above. That description would also propose much weaker adsorbate effects on 
close packed surfaces, in good agreement with experimental results (Table 
2). Even a change in sign of those distortions, as observed for S/Ni(110) 
[13] appears plausible for strongly interacting Systems. 
Also in the (2x1) hydrogen covered surfaces the Substrate remains 
unreconstructed, the superstructure is created solely by the ordered 
adlayer (Fig.lb). This does not completely rule out any H induced 
distortions of the local adsorption complex, it just limits their amount to 
below the limits of detectability in the LEED analysis (~±0.03Ä). The 
adsorption site - the quasi-threefold Site aside the Short bridge in [110] 
direction - and the adsorption geometry and also the zig-zag arrangement of 
Had atoms within the (2x1) structure are identical on both surfaces. There 
are, however, subtle differences in the (indirect) adsorbate-adsorbate 
interactions mediated through the metal. The sequence of lattice gas 
structures on Ni(110) arises from repulsive interactions in [001] direction 
between adatoms on jiearest neighbor and on next-nearest neighbor close 
packed Ni-rows in [lTo] direction, while the island growth of the (2x1) on 
Pd(110) is indicative of attractive interactions between neighbored zig-zag 
rows. These interactions are, however, of the order of tenths of a 
kcal/mole, as compared to typically 65 kcal/mole for a metal-hydrogen bond. 
Even small changes in the metal-substrate interactions thus can tip the 
sign of these indirect interactions. 
For both metals the (1x2) structure at 9 =1.5 monolayers was attributed 
to a reconstruction of the Substrate rather than to an ordered adsorbate 
overlayer because of the relatively strong intensity of the extra beams 
[3]. From the excellent agreement even in smaller features especially for 
Ni our LEED analysis indeed unambiguously decided in favor of a 
reconstruction of the "row pairing" type in both cases, caused by a lateral 
displacement of neighbored rows of metal atoms in [001] direction as shown 
in Fig.lc [6]. While this assignment agrees with recent ion scattering 
results [10,29] and He diffraction experiments [2,11] it is in conflict 
with results of other studies favoring a "missing row" type geometry [30]. 
Furtheron our structure analysis gave clear evidence of a vertical 
distortion also in the second layer, i.e. the reconstruction extends deeper 
into the bulk than just affecting the topmost layer [6|. This in fact 
turned out as a critical refinement of our analysis, which only allowed to 
clearly distinguish between both types of reconstructions [6]. From the 
structural Parameters of both of these structures in Table 3 it is evident 
that again the lattice distortions are less pronounced for the case of 
Pd(110) than those in the corresponding structure on Ni(110)• The general 
relaxation pattern, however, given by the alternating vertical 
displacements within the second layer and the changes in interlayer 
spacings, remains the same. An EELS study of the phonon dispersion on the 
Ni(110)-(1x2)H structure renders further support not only for the type of 
reconstruction but also to the specific relaxation pattern of the metal 
atoms [31). 
The continuation of the reconstruction into deeper layers of the surface 
region reflects the tendency of the System to minimize distortions in the 
metal-metal coordination and bond length for a given configuration of the 
surface layer itself. Instead of an abrupt change between first and second 
layer the lattice strain is gradually relieved over several layers. This 
would predict also a lateral distortion in the third layer followed by a 
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Table 3 . Structural parameters 
(±1.5 %) of the (1x2) reconstructed 
surfaces 
Ni(110)-(1x2)H 
D 1 2 = 1.27A 
D 2 3 = 1.31 Ä 
D3z, = 1.25 Ä 
BU = 0.25 Ä 
LS = 0.30 Ä 
Pd(110)-(1x2)H 
D 1 2 = 1.37 Ä 
D 2 3 = 1.47 Ä 
D 3 4 = 1.37 Ä 
BU = 0.15Ä 
LS = 0.20 Ä 
slight buckling in the fourth layer. These latter modifications were 
neglected so far since their amount should rapidly decay as compared to the 
topmost layers and because of the reduced contribution of deeper layers to 
the LEED intensity. But further LEED calculations shall be performed to 
test this. 
Recent LEED I/V analyses likewise revealed deeper layer distortions in 
the (1x2) "missing row" reconstructions of the clean (110) surfaces of Au 
[24], Ir[25] and Pt[26]. In these cases there is a strong inward motion of 
the ridge atoms, which can also be understood in terms of the above 
electrostatic description and which is partly offset by a lateral motion of 
the second layer and downward motion of the atoms directly underneath in 
the third layer (Fig.ld). Similar behavior was also predicted from a recent 
"embedded atom" calculation of the clean (1x2) reconstructed Ir(110) 
surface [28]. Also in these structures the deeper layer atoms thus make way 
in order to gradually relieve the strain introduced by the topmost atoms. 
In summary results of a LEED structure analysis of the clean and 
hydrogen covered (110) surfaces of Ni and Pd were used to elucidate the 
effect of the adsorbate on the structure of the underlying Substrate. The 
modification of the oscillatory contraction/relaxation of the clean surface 
in the (2xl)H structures and the (multilayer) "row pairing" reconstructions 
in the (lx2)H structures are discussed in comparison with corresponding 
structures of clean surfaces. It is shown that the former can be understood 
in terms of electrostatic forces, while the reconstruction of deeper layers 
too is identified as a general feature, which serves to minimize the 
lattice strain imposed by the structure of the topmost atoms. 
We gratefully acknowledge financial support by the Deutsche Forschungs-
gemeinschaft via SFB 128. 
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